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THE DOF-2 VERIFICATION PROJECT: PHASE I RESULTS

Stephen (. Diamord and Bruce L. Hunn
Los nlamos scientivic Laboratory
Los Alamos, NM B87.45

ABSTRAC]

A computer program, designated DOE-z {formarly
DOE-1), has been developed to provide architect/
engineers with a public domain tecl for fast and
economic energy analysis of buildings.

With “unding from the US Department of Energy, the
Los Alamos Scientific Laboratory (LASL) has devel-
oped and implemented a program plan tu verify
DOE-2. Phase 1 of this plan is an analytical ver-
ification of the DOE-2 program as a computational
unit rather than as separate algorithms,

Work on Phase 1 of the DOE-? Verification Project
Is nearly complete. Resulls of the crossebeck
with the American Sociely ot Heating, Refriyger-
ating, and Air-Conditioning Engineers (ASHRAL j
loads calculative procedures, as well ay the
results of a line-by-line check of program con
stants and flag-setting algorithms, are reported.
Also presented are results of empirical tests of
the full DOE-? program, including comparisons with
measured encrgy consumption and prelwmingry
riesults of 1 study of the user interpretation of
inbut gata on prec.cted results.

INTRODUCTION

The DOE-2 Verato ation Project began in 1978 with
the preparation of a vecitication program plan [1]
by LASL. Thiw plan outlined the tasks to be rom
pleted and ioentif jed relevant work being con
ducted outside the [ASE project,  The methadology
adopted for impiementing this project was then
presenteo [ 7).

Most of the DOL -V Yerificeoior Project Phawe |
tasks are camplete amd are bheing evaluated, The
paper sumarigzes the results ot the mme ampor tant
of these taske, A comprebhensive and detatled
status report is beang prepaced,

SUMMARY OF PHASE T RisULTS

ASHRAL 7DOL- 7 1077 & osseheck

Thie tush, conducted by a consyltant te (AN,
invalved the caomparvaon of the DOL S LOAL progr am
prodictrops with reyplts of commonly used loads

Culcutative methods, thdt are describeu n lhe 19/¢
and 1977 ASHRAL Hannbooks of Fungamentals (3,%)-
The 1972 ASHRAL mmethog nses weightiig facturs that
are specified in the 197¢ ASHKAML han Louk. Uh Lne
other hand, the 1977 ASHRAL methoc w.es Looling
Load Factors thdl are durived trai Lhe sding
weighting factors as are spucifiec 1n Lhe 1Y9/c
hardbook excep! tha! 1977 handbook ~elghiing tac-
tors are used Tor hwahts., The purnosc ut the Lass
was to provise Dubt-7 users with a reference puint
for burlding leads ¢.lculatiuns ang not to Jgetlet -
mine the accuravy ot any of tne methous.

Comparisans of the predictions of DUL-¢ witn tnusc
ot the 1972 anu 1977 ASHRAL methous were miauc tor
peah and datly totsl couling iudds fur d Sumi
design day and for design Nghling anu octupanty
schedules |5}, Four ool ng ludd compunenl were
considered separat:ly: couling lodus resuiting
from (1) heat gdir through an vpeque suuth-tucing
wall, (2) solar gain throuyh ¢ suvuth-tacing win-
dow, (J3) lighls, and (4) uvicupants. Kesulty of
these comparisany are presentoed h figs, 1 oang
and in Tablu 1,

Fiagure ! shuows a comparison of QUL ¢ prodtctiony
and those of the (wo ASHKAL methoasn fur Co,iihy
loads vesulting from heat gaitn through @ oy on

(8- in,) brick, south facang wall. Althougn !
froure shows that DUL- ¢ predicts a pean only cioul
4 loasr than the 147, ASHKAL o thoa, Lre Jaous
are ot 1o phase,  Agrecment au better betwect the
DOL & predictyons and those of the 192/ mtnen
However, ths agreement s cotn wental becauts
both the 197 amd 1477 ASHRAL melhods are baaou on
the wetghting tactors presented an the 19/, hang
book, whereas TOE O uwes werghtang faclors
sprecataed e the 1977 handboon,

Fagure ¢ presents a s bae compar ysun of pre
dicted conling loads resulting from heat yato bron
Trghta,  The signatarcant arfferonces shown il lu
trate that o thyy Dightang case the 1470 adbhivg
melhod gyes 197, handbhook weiyht Ty faclors, tm
1977 ASHEAL method unes 1927 Lamet sok we ight iy
factor, and DUl uses weaghting factor s trom
Ret, o,

Fable 1 s a sumayy of vesults tor the tow loag
companent calpar thones, Although the o by sane
for sach method are nearly Ui saneey vhere ane



TABLE 1 considerable ui1fferences in the preaictea pean

loads. DOE-2 predicts peak cooling loaus that
DOE-2 LOADS/ASHRAE COMPARISON differ by as much as ¢9° from those preaicteu by
the 1972 and 1977 ASHKAL methods. However, this

Relative Variation § ) does not mean that DOE-2 is wrong; 1L means that
Cooling Load DOC-2/ASHRAE 1972 - HRAL 1977 DOE-2 uses more recent sets of weighting taclurs

_Component Peak Daily Sum ~Peak Daily Sum  than do the ASHRAE methods
South-facing -3.8 +0.2 -2.0 -0.1
wall (conduction) Conctants and Flag-Setting Lhecks
South-facing -14.9 -0.2 -15.0 +2.0 An earlier version (DOE-1.4) of the DUL-¢ computer
window (solar) program was checked on a line-by-line bdsis to
: two types of errors: those in assigned vulues ot
Lights +29.0 -0.01 +20.0 +0.02 constanl: ard thuse in flag-setting algirithms,
) The work was conductea by McDonnel!l Louy'as Aulu-
Occupants +4.5 +0.2 -01 -0.4 mation Comnany (MLAUTU) under contract tu LAbL.
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The check of all program constants revealed a
total of 19 errors, of which only 6 were signifi-
cant. All of these errors have been corrected.

A majority of the 13 discrepancies found in the
flag-setting algorithms were extraneous items
inserted by the programmers for future use that
did not affect the computations. These discrep-
ancies have all been eliminated in the current
(DOE-2.0A) version of the program.

PLANT Program Equipment Subroutine Check

This work was also conducted by MCAUTO, who com-
pared PLANT program equipment performdnce default
values to manufacturers' performance data. Com-
monly available published data, such as that con-
tained in equipment brochures for system sizing.,
were used. Data from three different manufac-
turers were used, when availavle, to compare with
each componcnt model.

Figure 3 shows o comparisun for the input versus
output curve for a small boiler. Lxcellent agree-
ment is shown between manufacturers' data and the
DOE-1.4 simulation. Figure 4 shows the relation-
ship hetween coefficient of performance (LOP) and
part-load ratio (PILR) for a reciprocating
chiller, Notc that significant ditferences are
evident between both manufacturers' dala and the
program. This illustrates a point that is empha-
sfzed in the verificatwon program plen; namely,
that to cetermine the required componen. model
accuracy, it is necessary to obtain the o tual
performance variance within a generic clats of
components.  In this particular case, the COF
varies from one manufacturer to another by an much
ds 17. for the same PLR.  Therefore, Lhe modei

The majority of comparisons made indicateu ¢uoa
agreement between manufacturers' data ana the
equipment model subroutines. The only moaels with
poor agreement were for waste heat from aiesel-
engine and gas-turbine generators. Lawrence
Berkeley Laboratory (LBL) has correcteu these
inconsistencies in the current program versiun
(DOE-2.0A). )

Monthly-E1 e~gy-Use Field Tusts

The purpose of this task 1s threefolu: (1)
test the DOL-Z program in an overall manner, (¢,
to compare DUE-2 munthly and aniual energy con-
sumption with measured utility vdata for earsting
buildinys in an uncortroiled environment, anu (3,
to wntroduce the human tactor wrlo the testing of
the DOL-? program,

A set of five Lontractur/test buliding pairs was
selected by competitive biu to pe torm Lhis tdsa.
In aduition, two national laburatory/builuing
peirs were involved. Thest seven pdirs dro

e Single-floor office builming/Lontrol Dala
Corporation;

& Mult:floor office burlding/Gilehouse ano

Associates:

Retal]l store/Nea Mexace Lrergy Institute,

Restaur ant/Gamze, horobain, anu Lalu vy,

Hospital/Backle Davisoan ot LM, Incerp natieu,

Schoolt/LBL: and

National Security 81d Kesuurees Stucy Lentur

(NSRSCL, /LASL.

Reference simuiat ons.  The seven participants
simulated theyr respective buitdings using the
(UL-2.0% program, These swumulations were won-

cannot e expected tu predict the COP to within ducted using historcal knowleage of the baiinings
10 for this component,
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and their operation during the one-year test
period. The perjod of simulation, metered data,
and weather data used were all for the same calen-
dar period. DOE-2 energy consumption predictions
were compared to metered data (monthly utility
bilts).

A summary of reference-run results is shown in
Table 2. variation hetween predictea and measured
values for gas or fuel-oil energy, electricity,
total energy, and energy budgets is Shown on an
annual basis. The minimum deviation for gas/fuel-
oil consumption was 17 for the restaurant, and tne
maximum was 195 for the retail store. The
variation in prediction discrepancies for elec-
tricity consumptinn was less, with minimums of <l1%
for the multifloor office building and the school,
and a maximum of 15% for the solar building
(NSRSC). The prediction of anrual total energy
consumpt lon (energy budget) varied the least, with
a minimum of less than 1% for the restaurant and a
maximum of 12° for the retail store and thr solar
building.

Differences in computed-ve: su.-measured eneryy use
were significantly higher on a monthly basis,
ranging up to 45", than on an annual basis.

User-effect simulations. Eazh of the bullaings
simulated in the reference runs, with the excep-
tion of the school building, was simulatea Ly each
of the other private contiactors (round ronin,
that did not do the reference run on that buiila-
ing. Each reference-run contractor preparec a
da’» package for his reference-run building tor
use in.the user-etfect test. This data packaye
contained a<-built enginevring drawings, equipment
specifications, operating scheaules (for the year
of simulation), an4 informaticn regerding chai.jes
in the structure or schedules that have_occurred
since construction. It dia not contain historical
operating information. .

The user-effect simulatiuns have only recently
been completed ana lLiave not been fully evaluateu.
However, Figs. 5-7 represent preliminary resultls
for gas consumptior, electricity consumptiun, anu
total energy consumption, respectively, 1or the
restadrant (locatead in Chicago, 11hwneisy. Laen
Tigure contains plots of the mouthly measuredy
dra, the DOL-Z reference rut, ant tne tour usee-
etferl DOE-2 runs. Three of Lhe fuur user-ettect
runs for gas consumption (h1y. %) compare weli
wilh the reference run (withan 31U. ; tor muntuly
values. The outlying set of valuey appuars tu bLe

TABLL ¢

SUMMARY OF REFERLNLE RUNS KLLULTS (ANNUAL)
OL-2 PRLUICTIONL VERSUS MLASURLD UATA

Predictled Medsu cu
Gas/Fuel 01l Electricity Total btnergy 5nurgy Buuyey neryy Budyet
{3) ___. () L) MUnceyr (Blufticyr) Mmooy (Blugtte g
Single flom office 15 *6 -6 1561.3 (130,09Y) by, 4 vao, o day
Multifloor off e -14 <-1 -4 13//7.8 (117,000, 137u.! (e dyebe,
Retail store -19 -4 -1? 1709.0 (1%, 04:) 1yqu, ) 174,799,
Rest aurant -1 N4 -] N, o (701,414) O3/, 3 {08, Uy,
Hospital -4 14 / aulz .y (474,001 N (b uh/,
Sch..ol 4 <-1 ‘4 17,1 \ud, /.1 H UX PRV VU, YU,
NSRS (solar) 15 ~1% -1 49, .3 ( 44,380) b . (YY)
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a result of a disagreement in the interpretation
of base loads. The scatter in the user effect for
monthly electricity consumption, approximately
225% ("ig. 6), is greater than that for gas
consump ion,

CONCLUSIONS
Comparisons of DOE-2.0A with 1972 and 1977 ASHRAE

loads-calculative methods have shown the following:

¢ Differences among the daily total loads pre-
dicted by the methods are small (<i%).

2800 T T T 1

e Differences of up to nearly 30% occur amung
the peak loads predictea by the methoas.

These difteiences result from the use of arfterent
sets of weignting factors in the three methous
compared. Because predicted peek loaas are wiaely
used for equipment sizing, these gifferences shou's
be quickly resolved. .

DOE-2.0 is free of errors in constants ara flay-
setting algorithms,

Comparisons of DUE-2 PLANT equipment pe;formance
default values and manufacturers' data Gave
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identified a few questionavble default curves.
These have been reviewed and corrected where
appropriate in the DOE-2.0A program.

The reference runs mace on Six commercial puild.
ings of different types indirate good agreemcnt
with measured monti 'y and annual energy consump-
tion data. Predictions for the six buildings dif -
fered from measured annua' data by 1-19. four yas/
fuel-oil consumption, by '-15% for electricity
consumption, and by 1-12° for tota' energy con-
sumpt ion,

Preliminary da'a roported for one Suiiding (res
taurant) indicate a user effect diife.ence ot
approximately ¢10° for gas consumptor and approx -
imately 425 for electricity consumpuion, both on
a monthly basis,
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